Temperature-modulated transmission spectra in the region of the 4d→4f excitations in LaF3 show a variety of effects, none of which can be explained by the free-atom model hitherto used to describe this absorption. The sharp lines below threshold are shown to broaden with increasing temperature and to shift slightly. The broad ''autoionization'' region is shown to be composed of several structures, only one of which is included in the atomic picture. The effects of the lattice on these transitions ''within'' the La3+ ion are significant. show a variety of effects, none of which can be explained by the free-atom model hitherto used to describe this absorption. The sharp lines below threshold are shown to broaden with increasing ternperature and to shift slightly. The broad "autoionization" region is shown to be composed of several structures, only one of which is included in the atomic picture. The effects of the lattice on these transitions "within" the La + ion are significant.
INTRODUCTION EXPERIMENTAL
The 4d 'o4f "~4d 4f " ' transition in rare-earth metals gives rise to striking prominent structure in the absorption spectra between 100 and 200 eV. ' These transitions are widely used in the study of rare-earth metals and their compounds by "resonance" photoelectron spectroscopy. ' Since the 4f and 4d radial wave functions have comparable mean radii, exchange and Coulomb effects are large, giving rise to the structures which spread over a region tens of eV wide. " ' Since both subshell mean radii are less than the radii of the 5p electrons remaining on the tripositive rare-earth ion, they are well shielded from the effects of the surrounding atoms. Thus the spectra for Ce vapor, ' Ce metal in both the a and y phases, ' CeF3, and Ce2O3 are all similar, and resemble closely the spectrum calculated for the free Ce atom. ' The 4d~4f spectra of Ce-based materials mentioned above are not identical however. Careful comparison shows that the sharp lines below the large peak have different widths, depending on the material. For example, the peaks are sharper in CeF3 than in y-Ce, which, in turn, has peaks sharper than those of a-Ce. (There may also be small energy shifts in peak positions, but these are difficult to determine because of possible similar-sized shifts in monochromator calibration. ) Differences are even greater in the main peak of these materials, not just in the peak width, but in the occurrence of additional broad structures. At/t = -dip .
The carbon transmission spectrum is structureless in this spectral region, so the only effect of neglecting it is an erroneously small value of t, leading to a change in scale factor for ht/t. Figure 1 shows the absorption spectrum and thermo- For weak coupling, the temperature dependence of the line width occurs via a second-order "Raman" process, or by phonon emission to lower 4f crystal-field levels.~o~3 24 In the former case there should be an accompanying shift of the line position with increasing temperature, and in both cases, the line broadens with increasing temperature.
RESULTS
The observed Atlt spectrum for the D line (Fig. 2) has the shape of the second derivative of the absorption peak with respect to energy, with a small admixture of first derivative, with signs such that the line shifts to lower energy and broadens with increasing temperature. The crystal-field levels for the single 4f electron of Ce as an impurity in LaC13 have been measured. ' As there is no coupling with the 4d hole, the spin-orbit doublet is recognizable in the spectrum. The f5&& lower level is split into three levels by the crystal field, with an overall splitting of 110 cm ' (0.014 eV), and the f7/2 state splits into four levels with an overall separation of 233 cm ' (0.029 eV). We cannot fit the spectrum of Fig. 1(b) by any linear combination of dp/dq and dp/dc. . This is because the former resembles the spectrum of p itself and the latter is similar to dp/dE, while the data require a dominant contribution from a term resembling d p/dE . However, the real fitting should be with (dp/dq)(dq/dT) and (dp/dE)(ds/dT) de/dT has three contributions, one of which, (2s/I )(dl /dT), changes sign near the center of the spectrum, giving a shape like that of d p/dE, but there now are a total of four temperature-dependent parameters, none of which are simple to interpret. Nonetheless, the temperature dependence is real, understood or not.
The main part of the spectrum, arising from the 'P atomic line, is also temperature dependent, with the main feature resembling the first derivative of the absorption coefficient, implying a shift of the spectrum to higher energy upon an increase in temperature, but the spectrum is more complex than just that. Here the modulation spectroscopy has pulled considerable structure from a broad absorption spectrum, although one easily can see differences in transmission spectra taken at 300 and 78 K. The 115 -140 eV absorption spectrum has at least four structures, while to date, the only interpretation for atomic absorption in this spectral region is a single peak from the autoionization of the P& line. Figures 1 and 2 
